FAULT ZONE HYDROGEOLOGY IN CRYSTALLINE AND SEDIMENTARY AQUIFERS IN ARID REGIONS: REMOTE SENSING, HYDROGEOLOGY AND GEOELECTRICAL METHODS
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ABSTRACT

FRACTURED CRYSTALLINE AQUIFER

An integrated study was conducted using remote sensing,
hydrological and geophysical methods to investigate the
role of structural elements in controlling the groundwater
accumulation and flow in fractured basement complex.
This research shows that the structural elements
(fault\shear zones and dikes) could act as a conduit or a
barrier for the groundwater depending on the direction of
these elements with respect to the groundwater flow.
These findings will help in more understanding of the fractured basement aquifers.

APPLICATION
NUBIAN SANDSTONE AQUIFER SYSTEM
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STUDY AREA
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a) Location map showing the distribution of Precambrian outcrops and
overlying Phanerozoic rock units in
Sinai
b) Geologic map of Wadi Feiran
basin (modified after the Geological Atlas of Sinai, 2002).
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PROBLEM

1. Shortage of fresh water sources for more than 10,000
people who live in Wadi Feiran watershed.
RADAR DATA - IDENTIFICATION OF WATER BEARING AREAS

2. Unclear understanding of the structural control in the
crystalline basement complex areas.
3. Same problem has been found in other areas with similar
conditions Worldwide.

Figure: 2
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1. What structural elements/features control the ground-

TESTING WHETHER THE SATELLITE-BASED WATER- BEARING FEATURES ARE PREFERRED PATHWAYS FOR
GROUNDWATER INFILTRATION AND FLOW
Fig.3: Use of VLF data to verify
the conductive nature of the dextral ENE trending shear zone
within the area outlined by box A
on Fig. 2a. Also shown are the
boundaries of the ENE-trending
shear zone (dashed black lines;
Figs a and b), subparallel structural and lithologic fabrics within
the shear zone (dashed black
lines; Fig c), structural trends
(yellow lines; Fig. b), and El
Halwagy Well (Fig. c).

water flow?
2. What is the nature of the structural control on ground
water accumulation and flow?
3. Identify new areas for digging potential well locations
of high productivity.
MAIN RESULT
The adopted integrated methodologies could be readily applied to similar highly
fractured basement arid terrains elsewhere

NS-Shear zone
ENE-Shear zone

METHODOLOGY
1. Remote Sensing Data..
2. Hydrological Data.
3. Structural Data
4. Geophysical methods: Very Low Frequency method (VLF)
5. Stable isotopic analyses.
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Head Data

The area in the white box
(Fig.5), in Central Sinai, is
dissected by two main
shear zones which are
making high angles with
the groundwater flow direction.

Head Data shows: a hydraulic head drop (across the shear
zone) which is related to the impedance effect of the shear
zone ; and redirection of the groundwater flow direction.

INVESTIGATING THE IMPACT OF CONDUCTIVE FEATURES ON GROUNDWATER FLOW
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Figure:
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Isotopic compositions of groundwater indicate the change in
the water composition through the high angle shear zones. The
red color represents the new groundwater that have isotopic
composition similar to the current precipitation isotopic composition, while the blue color represents the fossil water, old water
with isotopic composition similar to old precipitation isotopic
composition.
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(b) Areas that witnessed an increase in soil moisture (retaining water)
following the precipitation and are resolvable on radar imagery appear
in shades of red. Areas with no or minor change in soil moisture appear and/or are unresolvable appear in shades of cyan. (area outlined
by box B)

No change

OBJECTIVES

(a) Envisat ASAR false color composite image for the Feiran watershed showing changes in radar backscatter coefficient (soil moisture) following a precipitation event on 17th, 18th of January 2010.

Investigating the impact
of conductive features on
groundwater flow.

GROUNDWATER POTENTIALITY
Figure: 9
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Soil Type

DEM

Mafic dike

Fig.4: Use of VLF data to verify
the conductive nature of the
highly weathered fractured
margins of the mafic dike in El
Berkah area.

FINDINGS
Major sinistral NW-SE and dextral NE-SW trending shear zones, faults\fractures, and mafic dikes are preferred pathways
for surface or near-surface water flow along these structural elements.

The majority of the investigated features were determined to be preferred subvertical pathways for groundwater flow as
evidenced by the observed high Fraser-filtered VLF tilt values that were measured across the identified features.

The groundwater flow is largely controlled by a complex network of preferred pathways encompassing wadis, shear
zones, faults, fractures, and mafic dikes.

The suitable areas for digging new water wells are the at the intersections of these structural elements.

Figure: 11

Proposed agricultural
development area

Knowing the groundwater flow direction together with using
soil and topographic maps, we suggest a potential new area
(232.5 Km2) available for agricultural development

FINDINGS
The S to N groundwater flow in the confined Nubian Sandston Aquifer System (NSAS) in central Sinai is intercepted by orthogonal (E-W trending) dextral shear zones. These shear zones impede the groundwater flow causing a
considerable hydraulic head drop.
 A dramatic change in the regional flow direction was observed from south-north trend towards the Mediterranean
Sea to a southwest-northeast trend across the political boundaries. Isotopic composition indicates change in water
source within the high angle shear zones.
The previous results suggest the alluvium of Wadi Girafi as a potential location for agricultural development.

